The genus Culicoides is distributed worldwide and includes nearly 82 species recorded in the Brazilian Amazon. In spite of the sanitary and economic relevance of the genus, few studies have been addressed to its members in this region. This study provides a survey of Culicoides species in a research plot of the Brazilian Biodiversity Research Program (PPBio) in the Amazon region in Caxiuanã National Forest. Collections were carried out with CDC light traps at five terrestrial sampling points from February 9 to February 13 in 2007 on the ground and at the sub-canopy level. After identifying the collected species, the frequency of species in each stratus and the Simpson's diversity index were calculated. A total of 542 specimens were collected, belonging to six species: C. foxi Ortiz, C. fusipalpis Wirth & Blanton, C. glabrior Macfie, C. guerrai Wirth & Blanton, C. hylas Macfie and C. vernoni Wirth & Blanton. The diversity of species was low in both strata (l = 0.91 on the ground; l = 0.89 in the sub-canopy). C. fusipalpis was the most abundant species at all sampling points and in both strata, corresponding to 94.8% of the collected specimens. This species can be found in both floodplain ecosystems and modified areas, such as hydroelectric dams, in the Amazon Region, feeding on humans. In spite of its hematophagic activities, the species is not implicated as a vector of tropical diseases.
INTRODUCTION
Ceratopogonidae are small nematoceran Diptera that can present different habits. Some of the genera in this group are ectoparasites of large insects, while others are important pollinators. Haematophagous midges are known to transmit three types of organisms, including 66 types of viruses, 15 species of protozoa and 26 species of filarial nematodes, to a diversity of hosts, including humans 1 and domestic and wild animals . Additionally, their intensive biting activity leads to significant nuisance and may cause dermatological problems when these insects are present in abundance. Animal diseases, such as bluetongue, encephalitis and equine onchorcercasis, are transmitted by different species of biting midges. The human disease mansonellosis (Mansonella ozzardi) is transmitted by Culicoides in Central America, on Caribbean islands and in South America, and Shelley and 2 Coscarón recently suggested its transmission by C. lahillei (Iches) in Argentina. Oropouche fever is one of the most 3 important arboviral diseases in the Americas . It is transmitted to humans by C. paraensis (Goeldi) in urban sites of the Brazilian Amazon Region, and more than 30 outbreaks have been reported in the Amazon and Central Plateau regions, reaching up to 100,000 human infections 4 in same cases .
The genus Culicoides includes 1,311 extant species 1 5 distributed worldwide . and Gorayeb in coastal areas in the Itatupã-Baquiá Reserve in Pará State, Brazil.
The aim of this study is to provide a survey of Culicoides species in a research plot of the Caxiuanã National Forest, a forested freshwater ecosystem, in collaboration with the Brazilian Biodiversity Research Program (Programa de Pesquisa em Biodiversidade -PPBio) aimed at improving our knowledge about the biodiversity of the Brazilian Amazon Region.
MATERIALS AND METHODS
The Caxiuanã National Forest is a typical dense rain forest located in the north central region of Pará State, Brazil, characterized by "terra firme", or upper level forest (80%), a small floodplain and several "igapó" (flooded forest) areas (20%). The climate is tropical humid, with a short dry period. Meteorological studies show two defined periods in the area: humid or rainy, from January to March, and dry, from September to November. The average temperature is approximately 26° C, with a minimum of 22° 14 C and a maximum of 32° C . This study was developed at the Ferreira Penna Research Station, which covers an area of 33,000 ha within the National Forest of Caxiuanã ( Figure 1) and is under the administration of the Museu Paraense Emílio Goeldi (MPEG). The plot at Caxiuanã of 2 PPBio had an area of 25 km and was divided into 30 sampling sites. Collections were performed using ten CDC light traps, with two in each of the five terrestrial sites of the plot (1, 4, 7, 8 and 9) , from February 9 to February 13 in 2007 between 6 pm and 6 am on the ground and in the sub-canopy stratus (around 20 m of height).
The specimens collected by the Fundação Oswaldo Cruz and MPEG team were preserved dry using naphthalene and sent to the Ceratopogonidae Collection of the Laboratory of Diptera of the Instituto Oswaldo Cruz for identification. Individual specimens were mounted on microscope slides in phenol-balsam as described by Wirth 15 and Marston . For identification, we used the reports on 6 Culicoides by Wirth and Blanton for the Amazon Basin, 16 8 Spinelli et al for the guttatus group, Felippe-Bauer et al for the hylas group of the Hoffmania subgenus, and the atlas of wing photographs of neotropical species produced by 17 Wirth et al . Voucher specimens were deposited in the collection of the MPEG.
The frequencies of the Culicoides species were calculated based on the abundance of each species in relation to the total abundance of all of the collected species from the ground and the sub-canopy strata. The diversity of each stratus and site was assessed by Simpson's diversity index.
RESULTS
A total of 542 specimens of Culicoides were collected during the sampling period on the ground and in the subcanopy stratus, with 99.6% female and 0.4% male specimens being captured. Six species were collected: C. The distributions of the species for each stratus and site are shown in table 1. The frequency of the most abundant species, C. fusipalpis, was similar in both strata (95.3% on the ground; 94.4% in the sub-canopy). The diversity of species was low in both strata (l = 0.91 on the ground; l = 0.89 in sub-canopy) and in all sites (l= 0.85 in site I; l = 0.96 in site IV; l= 0.94 in site VII; l= 0.80 in site VIII; l= 0.78 in site IX). For C. fusipalpis and C. hylas, we obtained only females both on the ground and at the sub-canopy level, while for C. foxi, females were found in both strata, and a single male was found in the sub-canopy (Table 1 ). activities, where C. fusipalpis has been observed in great numbers. This species can be found from the ground up to heights of 15 m and exhibits eclectic haematophagous habits, biting humans and other mammals and birds. In spite of its anthropophilic behavior, this species is not implicated as vector of tropical diseases.
We suggest that the reason that we observed females outnumbering male specimens may be due to having performed collections in a dry terrestrial area. If the captures had been carried out near breeding sites, where sources of water are present, more males would have been found.
Additional studies regarding bio-ecological aspects of Culicoides, such as their spatial distribution and breeding sites, in preserved areas like Caxiuanã National Forest are necessary to understand the natural cycles of the species of this genus in forest/freshwater ecosystems. Such studies will provide data that can be useful for future management strategies for the control of biting midges.
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We also thank Conselho Nacional In agreement with our data, Veras and Castellón observed C. fusipalpis, C. hylas and C. foxi on the ground and at different levels (1, 5, 10 and 15 m) and obtained a few male specimens in Ducke Reserve in Manaus, 6 Amazonas State. However, Aitken (nec. Wirth and Blanton ) collected a greater number of C. fusipalpis on the ground than in the sub-canopy stratus in APEG Forest, and 19 Castellón et al found male specimens corresponding to 31% of the C. hylas collected at all levels (1, 5 and 10 m) in hydroelectric dam areas in Amazonas.
C. fusipalpis has been observed feeding on mammals and birds as Didelphis sp. (opossum), Mesocricetus sp. (hamster) and Gallus sp. (chicken), as well as feeding on 6, 18, 19, 20, 21 humans , which indicates an eclectic biting habit of this species.
In previous reports, it has been observed that C. fusipalpis is abundant in floodplain ecosystems in the Amazon Region, such as natural preserved areas, and areas subjected to considerable human interference, like 6, 19 hydroelectric dams . These areas are enriched by the mixture of estuarine waters with sediments, favoring the 6 development of the Culicoides fauna in such regions .
CONCLUSION
The species collected in this study in Caxiuanã National Forest are common in different ecosystems in the Amazon Region, including environments impacted by human baja en ambos estratos (l = 0,91 en el suelo; l = 0,89 a nivel subdosel). C. fusipalpis fue la especie más abundante en todos los locales de muestreo y en ambos estratos, correspondiendo a 94,8% de los especímenes colectados. En la Región Amazónica, esta especie puede ser encontrada tanto en ecosistemas de várzea (humedales) como en áreas modificadas, como las localizadas en el entorno de usinas hidroeléctricas, alimentándose en seres humanos. A pesar de sus hábitos hematófagos, la especie no se señala como vector de enfermedades tropicales. Palavras clave: Ceratopogonidae; Biodiversidad; Insectos Vectores.
